Introduction: Although a handful of studies have examined mortality among caregivers of persons with Alzheimer's disease or a related dementia (ADRD), the proportion of caregivers who die before their cognitively impaired care recipients remains unknown. Methods: We conducted descriptive and survival analyses on up to 17 years of data from the nationally representative Health and Retirement Study to evaluate the proportion of spouse caregivers who died before their care recipients.
Introduction
There is a well-established scientific literature that documents the adverse health implications of family care for persons with Alzheimer's disease or related dementias (ADRDs). The accumulation of emotional, social, and physical stressors of ADRD caregiving has led several investigators to examine if family caregivers are at risk for expedited mortality when compared to non-ADRD caregivers or noncaregivers. Among caregivers of persons who were hospitalized, those who helped persons with ADRD were more likely to die over the course of a year than non-ADRD caregivers [1] . Available syntheses of population-based studies, however, suggest mixed overall effects of caregiving status on mortality [2] . In brief, the available findings imply that caregiving itself is not associated with an increased risk of death. Rather, an individual's appraisals of the stress and strain of care responsibilities moderate the effect of caregiving on mortality [3] .
To our knowledge, no study has examined the number of ADRD caregivers who die before a care recipient with dementia. This is a potentially important concern from a public health perspective; the absence of a family caregiver likely complicates the management of ADRD and is linked to adverse outcomes such as nursing home admission [4] . This analysis thus sought to generate empirical evidence to determine the proportion of dementia caregivers who die before their care recipients.
Dementia caregiver mortality using the Health and Retirement Study
We used nationally representative longitudinal data from the Health and Retirement Study (HRS) to compare the risk of mortality between persons with ADRD and their spouse caregiver. The HRS attempts to follow up all respondents until death and collects detailed sociodemographic, physical, mental, and cognitive health data on a respondent and their spouse [5] .
Using the HRS, we identified individuals with ADRD and their spouse (i.e., dyads). An individual was classified as having ADRDs if they ever reported having memory problems, Alzheimer's disease, dementia, or had a RAND HRS dementia probability weight of .0.50 [6, 7] . We then identified dyads in which the person with ADRD, or their proxy, reported receiving help from their spouse for any of the following functional tasks: help to cross a room, dress, bathe, eat, get into and out of bed, use the toilet, prepare meals, grocery shop, make telephone calls, or take medications. We limited our analysis to dyads in which a person with ADRD was observed not needing functional help from a spouse in a prior interview but then receiving spousal functional support in a subsequent interview. The point of needing functional assistance, regardless of ADRD status at the time, served as the first year (i.e., baseline) of the person with ADRD receiving caregiving.
We excluded individuals with ADRD who were never married or that had multiple marriages, dyads where both individuals had ADRDs, dyads where the cognitively intact spouse did not provide functional support for the person with ADRD, dyads where both the person with ADRD and the spouse provided functional support for each other, dyads where both the person with ADRD and their spouse were not living in the community at baseline, and dyads with any missing data on control variables (described below). Finally, owing to the inconsistent wording of cognitive questions in earlier HRS waves, we limited our analysis to HRS years 1998-2014.
We conducted two sets of analyses to ascertain whether spouse caregivers experience a greater risk of mortality than persons with ADRD. First, we counted the number of dyads in which the spouse caregiver died before the person with ADRD, the number of dyads in which the spouse caregiver died after the person with ADRD, and the number of dyads in which no mortality event had yet to be observed. Among the dyads that experienced a mortality event, we tested the equality of the proportion of dyads in which the caregiver died before the person with ADRD to the proportion of dyads in which the person with ADRD died before the spouse caregiver. We also estimated a logistic regression model in which we compared the demographic characteristics of caregivers (age at baseline, gender, race, years of education, region of residence, number of chronic conditions, self-reported health status, and number of children) who died before (coded 1) or after the person with ADRD (coded 0).
Second, we generated survival curves for spouse caregivers and persons with ADRD using the Kaplan-Meier method and we compared their curves using the log-rank test. We also estimated a Cox proportional hazards model that included an indicator for if the person was a spouse caregiver or person with ADRD and controlled for both the caregiver's and ADRD person's age at baseline, gender, race, years of education, region of residence, number of chronic conditions, self-reported health status, and number of children. Standard errors were clustered at the dyad level, and all analyses were conducted in Stata, version 14.2 (Stata, College Station, TX).
Comparison of mortality among persons with dementia and their spousal caregiver
We identified 4725 individuals in the HRS that met our definition of ADRDs. Following the exclusion criteria, our analytic sample consisted of 926 individuals (463 persons with ADRD and 463 spouse caregivers) or 463 dyads. The mean age of persons with ADRD was 74.30 (SD 8.78) years and 38% were female. Spouse caregivers had a mean age of 71.77 (SD 8.72) years and 62% were female (Table 1) .
Median length of follow-up was 6.21 years, and 483 total deaths were observed in the sample. In 18% (n 5 83) of the dyads, the spouse caregiver died before the person with ADRD, in 57% (n 5 265) of the dyads the person with ADRD died before the spouse caregiver, in 0.43% (n 5 2) of the dyads both the person with ADRD and spouse caregiver died on the same day, and in 24% (n 5 113) of dyads both the person with ADRD and spouse caregiver were still alive at the last HRS interview. Among the dyads that experienced a mortality event (n 5 348), there were significantly fewer dyads in which the caregiver died before the person with ADRD (P , .001). In the logistic regression model comparing the characteristics of caregivers who died before (n 5 83) or after the person with ADRD (n 5 265), only caregiver gender was associated with mortality (Table 2) . Specifically, female caregivers compared with male caregivers (odds ratio 0.26, 95% CI: 0.15, 0.46) were significantly less likely to die before the person with ADRD than after the person with ADRD.
Spousal caregivers had significantly longer survival compared to the person with ADRD ( Fig. 1 ; log-rank P , .001). In the Cox proportional hazard model, being a spouse caregiver was associated with a significantly lower risk of death (hazard ratio 0.63, 95% CI: 0.51, 0.78). Factors independent of caregiving status associated with a greater risk of death for both the spouse caregiver and person with ADRD included older age at baseline, being male, more years of education, having chronic conditions, and self-reported health as fair or poor compared to excellent.
Implications of dementia caregivers dying before care recipients with dementia
The findings demonstrate that a large majority of spouses caring for a partner with ADRD will outlive their cognitively impaired husband or wife. The notion that most ADRD caregivers die before their care recipients is easily dismissed given that the largest proportion of family caregivers of persons with ADRD are adult daughters [8, 9] . The inherent differences in age between adult child caregivers and their care recipients make it unlikely that a large percentage of caregivers die before the person with ADRD. However, a considerable percentage of ADRD caregivers are spouses, and because of the large body of research documenting the various health implications of dementia caregiving, it is necessary to examine the prevalence and timing of mortality among persons with ADRD and their spousal caregivers.
It is also important to note that a small proportion of ADRD caregivers do pass away before their care recipients, and the care recipients in this situation warrant future inquiry. In particular, care recipients with ADRD who are bereaved may experience particular hardships in the form of disruptions to at-home care routines and help. Additional research that describes this subpopulation of people with ADRD (e.g., racial and ethnic background) and the health ramifications of caregiver loss for these individuals would yield important insights. Subsequent work could then develop and evaluate interventions to address the needs and safety concerns for these individuals and identify effective models of support ("gatekeeper" approaches, assistive technologies, etc.) [10] . This study has several limitations. The HRS only includes detailed mortality data on spouse caregivers and limited mortality data on other caregivers (e.g., adult children). We excluded individuals who never married or were married multiple times from our analysis, and this may limit the generalizability of our findings. Although the HRS is nationally representative, our analytic sample was predominantly Caucasian, which fails to capture the diversity of the US and the aging population. Our method of classifying individuals with dementia was dependent on individuals self-reporting (or a proxy) having memory impairment, Alzheimer's disease, dementia, or having a validated RAND HRS dementia probability weight of .0.50. This approach does not provide a detailed diagnostic classification of cause of dementia. The average caregiver and care recipient in our sample obtained over 11 years of education. Years of education was positively associated with mortality, which is contrary to expectation. This result may be a reflection of variation within those who are highly educated and not be true of the general population.
The findings emphasize that for a sizable proportion of persons with ADRD, their spousal caregivers do not die before them. The long-term trajectory of ADRD family caregiving, often lasting to the end of life (and beyond) of care recipients, has led to some scholars to consider it a "career" highlighted by key transitions (onset, institutionalization, bereavement). The caregiving career demands a longitudinal perspective when both describing and intervening upon [11, 12] . However, the nearly 1 in 5 persons with ADRD whose spouse did die before them represent an important subpopulation that heretofore has received little scientific attention. Future descriptive and clinical research that considers the health ramifications of outliving a family caregiver, subgroups at risk for this scenario, and effective interventions to support and sustain persons with ADRD living alone or without an available caregiver would advance the field of dementia care services and supports. Sample 
